HYDRAULIC MOTOR VEHICLE GEARBOX CONTROL 
DEVICE WITH A PLASTIC HYDRAULIC DISTRIBUTION 
PLATE AND CONDUCTORS INTEGRATED THEREIN 


5 Cross Reference to Related Applications 

This application is a continuation of co-pending International 
Application No. PCT/DE02/00043 filed January 9, 2002 which designates the United 
States and claims priority to German application no. DEI 01 01 09 1.5 dated January 11, 
2001. 

10 Technical Background 

The invention relates to a hydraulic motor vehicle gearbox control unit 
with a hydraulic distribution plate, in which channels extend for hydraulic fluid, and 
method for its manufacture. 

Background of the Invention 

15 In recent years integrated electronic/hydraulic gearbox control systems 

have increasingly been used in motor vehicle gearboxes. Integrated gearbox control 
systems are characterized in that the electronic control unit for the hydraulic control 
device is located within the gearbox. This concept is also referred to using the term 
"local electronics". 

20 In addition to the known advantages, a series of problems are known to 

occur with integrating the electronic control unit into the gearbox. The electronic 
control unit has to be protected from the environment (oil) prevailing in the gearbox. 
Also good dissipation of the power loss in the electronic control unit must be ensured. 
One important consideration is signal and power distribution within the gearbox, i.e. 

25 the establishment of electrical connections between the electronic control unit and the 
solenoid valves, pressure switches, pressure sensors, temperature sensors, etc. and in 
some cases a gearbox connector, which connects the entire system to electrical 
peripherals outside the gearbox housing. The electric cabling must allow the best 
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possible electrical routing taking into account structural conditions and must also be 
able to withstand high levels of mechanical stress (vibration acceleration up to around 
- 33g). 

The gearbox is controlled mechanically by means of a hydraulic 
5 gearbox control device, which is responsible for distribution, pressure amplification 
and amplification of the volume flow rate of the hydraulic fluid as well as any further 
hydraulic tasks. The hydraulic gearbox control device contains one or more metal 
plates (valve plate, channel plate), through which channels extend to distribute the 
hydraulic fluid and which also serve as securing elements for actuators (e.g. solenoid 
10 valves) and sensors. 

Electronic control units are currently produced in the form of 
independent electronic modules. The modules comprise a sealed metal housing, in 
which the electronic circuit is housed. It is mounted for example on the valve plate or 
the channel plate of the hydraulic control device, with the power loss being dissipated 
15 via this metal plate. A circuit board is generally used for signal and power distribution 
in the gearbox and this is secured to the metal plate. Another solution is to establish 
the electrical connections using punched lattices or wires embedded in plastic 
components. Finally cable harnesses laid in the gearbox can also be used as electrical 
connection elements. 

A hydraulic gearbox control device for an automatic gearbox is 
disclosed in German patent specification DE 43 44 584 C2. The hydraulic control 
device comprises two metal plates separated by an intermediate sheet. The upper metal 
plate is used to secure the solenoid valves. A circuit board is arranged on this metal 
plate. The conductor paths of the circuit board are made from punched sheet metal 
components, which are sunk into and supported in corresponding recessed grooves on 
the circuit board. 
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Summary of the Invention 

The object of the invention is to create a hydraulic motor vehicle 
gearbox control device, in particular for use in an automatic gearbox, which allows 
simple and mechanically stable establishment of the electric conductor paths for 
5 linking electrical components of the device. A method for manufacturing this should 
also be specified. 

The object of the invention can be achieved by a hydraulic motor 
vehicle gearbox control device, comprising a hydraulic distribution plate made of 
plastic, in which channels extend for the distribution of hydraulic fluid and in which 
10 electric conductors of the gearbox control device are embedded, in particular are fully 
sheathed and/or on the surface of which electric conductors of the gearbox control 
device are metallized. 

The conductors embedded in the hydraulic distribution plate may be 
encapsulated or sprayed metal wires, pins, strips or punched lattices. The hydraulic 

15 distribution plate can be configured as an injection molded MID circuit support. The 
conductors may extend between an electronic control unit module secured on the 
hydraulic distribution plate and at least one solenoid valve for the hydraulic control 
system. The conductors may extend between an electronic control unit module 
secured on the hydraulic distribution plate and a gearbox connector attached to the 

20 distribution plate. The electronic control unit module can be in contact with the 
electric conductors via a flexible circuit board. A channel can be arranged for 
hydraulic fluid in the hydraulic distribution plate adjacent to the electronic control unit 
module. The electronic control unit module may have a metal base plate, which is cast 
in the hydraulic distribution plate. A section of the surface of the hydraulic 

25 distribution plate may form the base plate of the electronic control unit module, and a 
circuit support of the electronic control unit module can be secured directly onto this 
section of the surface of the hydraulic distribution plate. 
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The object can also be achieved by a method for manufacturing a 
hydraulic motor vehicle gearbox control device comprising a plastic hydraulic 
distribution plate, comprising the steps of: 

- providing channels in the distribution plate which extend for the distribution of 
5 hydraulic fluid, 

- embedding, in particular fully sheathing, electric conductors of the gearbox control 
device, and 

- metallizing electric conductors of the gearbox control device on the surface of the 
distribution plate, wherein 

10 - the conductors are integrated into the hydraulic distribution plate by spraying or 
encapsulating or mortising or sticking. 

The conductors can be integrated into the hydraulic distribution plate 
by means of an MID method. 

The basis of the invention is that it will be possible in future to design 
15 housing components for the hydraulic gearbox control device in the form of injection 
molded plastic components and to assemble them in a standard process. The idea 
behind the invention now is to combine hydraulic and electrical functions in a single 
such plastic component. This is achieved by structural integration of both the channels 
for the distribution of hydraulic fluid and the electric conductors in the same plastic 
20 component. The plastic component thereby forms a hydraulic distribution plate for the 
gearbox control device and at the same time provides a support element, on which the 
electric conductors required for signal and power distribution are formed or 
incorporated. This dual function of the plastic hydraulic distribution plate means that 
the electrical connection element in conventional gearbox control devices is no longer 
25 required. 

The structural integration of the electric conductors into the hydraulic 
distribution plate can either be achieved by embedding the electric conductors in the 
plastic body of the hydraulic distribution plate and completely sheathing them in 
plastic as necessary. Another option is to metallize the electric conductors onto the 
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surface of the hydraulic distribution plate. Conductor paths with a high level of 
mechanical stability are created in both cases. 

In a first preferred embodiment of the invention the conductors 
embedded in the hydraulic distribution plate are encapsulated metal wires, pins, strips 
5 or punched lattices. During encapsulation the conductors can be either sheathed 
completely in plastic or their upper side can remain free from plastic. 

A further, particularly preferred embodiment of the invention is 
characterized in that the hydraulic distribution plate is designed as an MID (Molded 
Interconnected Device) cable support. MID technology, as it is known, allows the 
10 manufacture of three-dimensionally injection molded cable supports - in this case the 
hydraulic distribution plate - in which the conductors are integrated. MID technology 
allows both the assembly of metal conductors on the surface of the hydraulic 
distribution plate and the creation of electric conductors, which are completely 
sheathed (radially) by the plastic material of the hydraulic distribution plate. 

15 Preferably the electric conductors extend between an electronic control 

unit module secured to the hydraulic distribution plate and between a solenoid valve 
for the hydraulic control system. In a further advantageous variant of the invention the 
electric conductors are used to connect a gearbox connector attached to the 
distribution plate to the electronic control unit module. 

20 With an electronic control unit module secured to the hydraulic 

distribution plate, a particularly preferred variant of the invention is characterized in 
that a channel for hydraulic fluid is located adjacent to the electronic control unit 
module in the hydraulic distribution plate. Effective dissipation of the heat loss from 
the electronic control unit module is achieved by the hydraulic fluid flowing past in 

25 immediate proximity to the electronic control unit module. 

Brief Description of the Drawings 

The invention is described below using exemplary embodiments and 

variants with reference to the drawings. These show: 
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Fig. 1 a perspective view of a hydraulic distribution plate with attached 

solenoid valves and an electronic control unit module secured to the 
plate; 

Fig. 2 a section of the arrangement shown in Fig. 1 viewed from above; 

5 Fig. 3 a sectional representation of a variant of the arrangement shown in 

Figs. 1 and 2 corresponding to a section along the line A-A in Fig. 2; 

Fig. 4 a schematic representation of the lower side of the hydraulic 

distribution plate shown in Figs. 1 and 2 viewed from above; 

Fig. 5 a sectional representation of a second exemplary embodiment of the 

10 invention according to the representation in Fig. 3; and 

Fig. 6 a sectional representation of a further exemplary embodiment of the 

invention according to the representation in Fig. 3. 

Detailed Description of the Preferred Embodiments 

According to Figs. 1 and 2 two valve modules each comprising four 
15 solenoid valves 3 and an electronic control unit module 2 located between the two 
valve modules are attached to a long, rectangular valve plate 1. The solenoid valves 3 
are each set in holes, which penetrate the valve plate 1 and are connected to pneumatic 
channels (not identifiable in Figs. 1 and 2), which run through the valve plate 1 and 
are described in more detail below. 

20 The valve plate 1 is an injection molded plastic body. It forms part of a 

hydraulic control housing of a hydraulic motor vehicle gearbox control device. The 
gearbox control device (including the valve plate 1) is for example secured in the 
lower section of the gearbox housing so that it is within the oil sump. 

Depending on the structural conditions, the valve plate 1 can have a 
25 different form from that shown in Figs. 1 and 2. Also the hydraulic motor vehicle 
control device can have further plates, sheet metal screens, mechanical activation 
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elements, etc. Generally what is known as a channel plate (not shown) is attached to 
the side of the valve plate 1 opposite the valves 3. The channel plate, which is also 
made of plastic or metal for example, contains further pneumatic channels and allows 
the distribution of hydraulic fluid at a second level. 

5 Reference is also made below to Fig. 3 to describe the arrangement 

shown in Figs. 1 and 2 in more detail. The arrangement shown in Fig. 3 essentially 
corresponds to the arrangement shown in the previous figures but with only one 
solenoid valve 3 provided here instead of two solenoid valves 3 arranged 
longitudinally one behind the other (see Figs. 1 and 2). The same or corresponding 
1 0 components have the same reference characters. 

The electronic control unit module 2 has a metal base plate 4 and a 
housing cover 6 sealed to the base plate 4 by means of a shaped seal 5. The housing 
cover 6 made of metal or plastic can be attached using screws, rivets, compression pin 
connections 21, etc. 

15 The electronic control unit is in the sealed inner chamber of the 

electronic control unit module 2. The electronic control unit is in the form of an 
assembled circuit support 7, for example a ceramic circuit board. The circuit support 7 
is stuck directly to the surface of the base plate 4. 

A flexible circuit board 8, which surrounds the circuit support 7 and is 
20 laminated (stuck) to the base plate 4 is used for electrical contact purposes. The 
flexible circuit board 8 leaves the module housing of the electronic control unit 
module 2 through a sealed gap between the base plate 4 and the shaped seal 5. Outside 
the module housing the flexible circuit board 8 extends to electric conductors 9, which 
are integrated in the valve plate 1. 

25 The conductors 9 may be a punched lattice, wires, pins, metal strips, 

etc. The upper side of the conductors 9 may be uncovered, see Figs. 1 to 3, or they 
may be completely sheathed by the plastic of the valve plate 1. For manufacturing 
purposes the conductors 9 may for example be structurally integrated in the valve plate 


1 by injection molding or encapsulation. The conductors 9 may also be incorporated in 
the valve plate 1 by other measures, such as for example by mortising, sticking in 
conductor grooves, etc. 

The conductors 9 incorporated in the valve plate 1 make contact with 
5 the solenoid valves 3 and other electrical functional elements of the hydraulic control 
device. Contact springs 20 are provided for electrical contact with each solenoid valve 
3 and these press on the surface of the conductors 9 with a defined pressure. A 
pressure switch 10 is also shown and this is connected electrically to a conductor 9 by 
means of a punched flag 1 1 . 

10 The valve plate 1 contains channels and chambers, through which 

hydraulic fluid flows. A first chamber 12a lies directly below the base plate 4 and is 
limited by this with regard to cover. Hydraulic fluid flows through a channel 13a into 
the chamber 12a, flows through this and flows through another channel 13b out of the 
chamber 12a. This effectively cools the circuit electronics. 

15 A further pneumatic channel 13c runs in immediate proximity to the 

solenoid valve 3, with the solenoid valve 3 exerting a controlling action on the fluid 
throughput through the channel 13c (not shown in greater detail). 

A channel 13d also extends through the valve plate 1 to the pressure 
switch 10. The pressure switch 10 uses the channel 13d to detect a hydraulic fluid 
20 pressure, prevailing at the outlet of the channel 13d, i.e. at the lower side of the valve 
plate 1. 

There are also holes 14 in the valve plate 1, which are exposed at the 
rear in the areas where the contact springs 20 and the flexible circuit board 8 contact 
the conductors 9 of the latter. The holes 14 represent openings for illumination 
25 purposes, through which the contact springs 20 and the flexible circuit board 8 can be 
welded directly to the conductor 9 during assembly by means of a laser beam. 


A valve hole 15 forms the seat for the solenoid valve 3, which is set 

into the valve plate 1. Shaped seals 16 are used to seal the valve plate 1 against the 
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egress of hydraulic fluid and these are attached to the circumference of the valve body 
3 at the level of the valve hole 15. 

Figure 4 shows the lower side of the valve plate 1 shown in Fig. 2 to 
explain the path of the pneumatic channels. In addition to the channel 13c further 
5 horizontal channels 13e, 13f and a vertical spur channel 13g extend toward the valve 
holes 15. 

Fig. 5 shows a longitudinal sectional representation of a further 
exemplary embodiment of the invention. The second exemplary embodiment 
primarily differs from the first exemplary embodiment in that conductors 9' are 
10 incorporated into the valve plate 1 by means of MID technology. 

MID technology allows the assembly of conductor structures both on 
the surface of the valve plate 1 and inside the valve body 1. In both cases electrically 
conductive, plastic structures resembling conductor tracks are first constructed (i.e. 
either formed on the surface of the valve plate by spraying and structuring or cast 
15 inside the valve plate) and then metallized. Metallization may be achieved by means 
of galvanizing, i.e. the depositing of metal on the plastic structures resembling 
conductor tracks. 

With the exemplary embodiment shown in Fig. 5 the circuit support 7 
is stuck directly onto the valve plate 1. No metal base plate 4 is required. The 
20 conductors 9' formed in the valve plate 1 can be inserted between the surface of the 
valve plate 1 and the shaped seal 5 into the inner chamber of the electronic control unit 
module 2, without leaks occurring around the insertion area. 

The electronic control unit can be cooled according to the first 
exemplary embodiment (see Fig. 3) by means of a chamber 12a and pneumatic 
25 channels 13a, 13b. Holes 14 are not required with this exemplary embodiment. 

Fig. 6 shows a further exemplary embodiment of the invention, in 
which a conductor 9" routed inside the valve plate 1 makes contact with the electronic 
control unit module 2 with a gearbox connector 17. The gearbox connector 17 is 
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formed as a single piece with the valve plate 1 and has sprayed connector pins 18, one 
end of which is connected to the conductor 9", while the other end projects out of the 
connector body 17 as a pin. 

In the integrated state the gearbox connector 17 projects through a 
connector opening in the gearbox housing, to connect there with a reverse connector 
of complementary form outside the gearbox. The seal for this insertion is ensured by a 
sealing ring 19 around the gearbox connector 17. Alternatively the connector 17 can 
also be an internal connector. 

A hole 14' in the rear section of the gearbox connector 17 allows the 
connector pins 18 to make contact with the electric conductors 9" via a weld, solder 
or other contact method. Alternatively the electric conductors 9" and the pins 18 can 
also be manufactured as a single piece, e.g. in the form of curved conductor wires, 
which means there is no need for the contact stage. 

A further option (not shown) is for the base plate 4 also to be integrated 
in the valve plate 1 during the latter's manufacture (injection molding). In this case too 
the base plate 4 can form the cover element of a pneumatic chamber like the chamber 
12a. 

The measures described using the different exemplary embodiments 
can be combined and always allow the plastic valve plate 1 to have the dual function 
of element for the distribution of hydraulic fluid and conductor support. 


10 


